Abstract High adherence and maintenance of blinding are critical for placebo-controlled efficacy trials of HIV-1 biomedical prevention strategies. We assessed adherence to study drug and factors affecting adherence, including perceived randomization group, in a post-trial questionnaire of participants who completed HPTN 039, a randomized, placebo-controlled trial of HSV-2 suppression with twicedaily acyclovir to reduce HIV-1 acquisition. Of the 3172 trial participants, 2003 (63%) completed the post-trial questionnaire. Of these 2003, 72% reported missing a dose of study drug less than twice a week. Study drug adherence was not compromised by perceived randomization or genital ulcer symptoms during the study. Alcohol use was cited as an adherence barrier in some populations. Assessment of study drug adherence during and at the end of trials can evaluate perceptions of randomization and adherence by randomization arm, help to better understand barriers to and motivations for
Introduction
Despite concerted efforts over the past 20 years to implement HIV-1 prevention and scale-up treatment, 2.7 million new HIV-1 infections occurred during 2007, emphasizing the need to identify additional effective HIV-1 prevention strategies [1] . Biomedical prevention interventions, including antiretroviral-based topical vaginal microbicides and pre-exposure prophylaxis (PrEP), are under evaluation in efficacy trials. Many of these biomedical prevention strategies require daily or coitally-dependent use of a study product for which ongoing adherence is critical for efficacy. Adherence has been suboptimal in some recent HIV-1 prevention trials, including studies of the cervical diaphragm, vaginal microbicides, and daily acyclovir suppressive therapy for genital herpes [2] [3] [4] . For these userdependent interventions, there are no gold-standard measurements of adherence [5] . Many studies have used selfreport or pill counts to evaluate adherence. These methods are subject to possible social desirability bias, particularly in the context of a trial with frequent contact with research staff and intensive adherence counseling [6] .
Insights into patterns of adherence during biomedical HIV-1 prevention trials might increase understanding of effective adherence measurement methods, improve the ability to measure adherence in future biomedical prevention studies, and maximize the effectiveness of the intervention for implementation of interventions demonstrated to be efficacious. Post-trial assessment of randomization perceptions are rarely done in biomedical HIV-1 prevention trials but are important as unmasking could potentially lead to differential adherence across study arms, which could threaten the internal validity of the study and lead to biased trial results. In order to assess adherence behaviors in a manner less influenced by social desirability reporting, we conducted a post-trial assessment of self-reported adherence to twice-daily study drug (acyclovir or placebo) in an HIV-1 prevention trial [HIV Prevention Trials Network (HPTN) 039]. Given that the intervention being evaluated in HPTN 039, acyclovir, suppresses symptomatic genital ulcer disease (GUD), we hypothesized that GUD symptoms during the study could influence participants' perception of randomization arm and levels of adherence to study drug. In this report, we summarize self-reported adherence, perceived randomization assignment, and the relationship between perceived randomization, GUD symptoms, and other factors with self-reported adherence in this post-trial assessment among HPTN 039 participants.
Methods
HPTN 039 was a randomized, double-blind, placebo-controlled trial to evaluate the efficacy of twice-daily acyclovir suppressive therapy for herpes simplex virus type 2 (HSV-2) for the prevention of HIV-1 acquisition [7] . Between March 2004 and November 2007, 3172 HIV-1 seronegative women and men who were seropositive for HSV-2 were enrolled, including 1581 women from southern Africa (Johannesburg, South Africa; Harare, Zimbabwe; and Lusaka, Zambia) and 1591 men who have sex with men (MSM) from the United States (New York, San Francisco, and Seattle) and Peru (Iquitos, Lima, and Pucallpa). During the trial, participants were seen monthly for study drug distribution, return of unused pills, GUD screening and adherence counseling. Adherence aids (e.g., pill boxes) were offered to study participants. Participants completed up to 18 months of follow-up with the last participant visit in November 2007.
Twice daily acyclovir suppression did not prevent HIV-1 acquisition overall or in subgroup analyses [7] . After the results of HPTN 039 were reported at an international scientific meeting in February 2008, participants were invited to individual 'unblinding visits' at the study sites between March and October 2008, during which a research staff member discussed the trial results with the participant and the participant's randomization assignment was disclosed. Prior to hearing about the trial results and their randomization assignment, participants were asked to complete a questionnaire about their study drug adherence. The questionnaire was administered using either an interviewer-administered paper-based format (at Seattle and Lusaka) or computer-assisted self interview (CASI) format (at San Francisco, New York, and Harare); at the Johannesburg and Peru sites, both methods were used depending on CASI availability, but individual participants completed only one format. In an effort to minimize potential social desirability bias at sites using the interviewer-administered format, staff members administering the questionnaire were different from the primary counselor for the participant during the study.
Written informed consent was obtained from all HPTN 039 participants who returned for the post-trial assessment and completed the questionnaire. The study protocol was approved by institutional review boards at the University of Washington and at local institutions affiliated with each study site.
Adherence Measurement
During the trial, adherence was measured by monthly pill count of unused study drug in returned bottles. For this analysis, months where pill count data were missing due to missed clinic visits or failure to return empty bottles were not incorporated in calculations of average measured adherence.
In the post-trial questionnaire, reported adherence was assessed by asking participants to identify, on average, how frequently they missed study drug during the course of the study: i.e., once daily, twice weekly, once weekly, twice monthly, once monthly, less than once monthly, or never. Based on data describing the length of treatment necessary to achieve suppression of genital HSV reactivation, the self-reported frequency of missed study drug was collapsed into two groups for this analysis: \2 times/week and at least 2 times/week [8] . The relationship between selfreported adherence and factors potentially affecting adherence to study drug, including perception of randomization arm, GUD symptoms during the study, and other factors (e.g., forgetting, travel, and use of drugs and alcohol) that may have affected adherence, was assessed.
Statistical Analysis
All analyses were done using SAS version 9.1. Chi-square and Mann-Whitney U tests were used to compare proportions and medians between groups, respectively. Multiple logistic regression was used to determine whether randomization arm or GUD during the study predicted perceived randomization. A separate multiple regression analysis was performed to assess whether perceived randomization after the study or GUD during the study were independent predictors of missing drugs at least 2 times/ week; the analysis was adjusted for study site.
Results
Of 3172 participants enrolled in HPTN 039, 2003 (63%) returned for the post-trial adherence assessment, with a 
Self-Reported Adherence
Most participants (1355/1874, 72%) reported missing a dose of study drug an average of less than twice a week ( Table 2 ). Of the 519 participants who reported missing doses at least twice a week, 327 (63%) reported missing doses on a daily basis. A majority (77%) of these participants, however, reported making up missed doses by doubling pills with their next dose, as was instructed by the trial protocol. We compared the level of self-reported adherence from the post-trial assessment with adherence measured during the trial using monthly pill count. Median adherence based on monthly pill count was high, measuring greater than 90% in the majority of visits [7] . Participants who reported missing doses at least twice a week had slightly lower median adherence, as measured by pill count during their entire study participation, compared to those who reported missing doses less than twice a week (97.7% vs. 98.4%, Mann-Whitney P = 0.0014).
We asked participants whether, during the study, they had been comfortable reporting non-adherence to study staff. Most participants (74%) reported that they were comfortable reporting non-adherence to study staff. A larger proportion of Peruvian participants (42%), however, reported reluctance to tell study staff when they missed study drug compared to participants from the African (14%) and US (9%) sites. Perceived Randomization to Study Drug Two-thirds (1318/1998, 66%) of participants were uncertain whether they had been randomized to acyclovir or placebo (Fig. 1) . Among the one-third (n = 680) of participants who thought they knew their randomization assignment, most (496/680, 73%) thought they were randomized to the acyclovir arm. This preference to guess being randomized to the acyclovir arm occurred among participants truly randomized to acyclovir as well as those randomized to placebo. Guessing they were randomized to acyclovir occurred more frequently in participants truly randomized to acyclovir than participants randomized to placebo (28% vs. 22%, P = 0.002); however, this difference in the proportion correctly guessing randomization arm represents less than 5% of study participants.
We assessed whether self-reported GUD symptoms during the study influenced participants' perceived randomization assignment. Participants with GUD symptoms were no more likely to hazard a guess (36.7% vs. 34.7%, P = 0.52) at their randomization assignment than participants without GUD. Among the subset of participants who did guess, however, participants without GUD were more likely to guess they had been randomized to the acyclovir arm compared to those with GUD (77.0% vs. 68.3%, P = 0.01). In a step-wise multiple logistic regression model (Table 3) among those who guessed at their randomization assignment and using perceived randomization arm as the outcome, controlling for GUD only slightly attenuated the effect of randomization arm [odds ratio (OR) 1.67, P = 0.004 vs. OR 1.74, P = 0.002 without GUD in the model], suggesting that the occurrence of GUD symptoms during the study did not explain the differential perception of randomization assignment between the two arms. In this model, having GUD during the study remained associated with a modest decrease in likelihood of guessing randomization to the acyclovir arm (OR 0.68, P = 0.03). When asked about other factors that may have influenced impression of randomization, such as pill appearance, interactions with the study staff, and discussions with other study participants, less than 10% of participants reported each of these factors as influencing their impression of randomization assignment.
Factors Influencing Adherence
Most participants who thought they knew their randomization assignment (479/680, 70%) reported this perception did not influence their adherence to study drug. Of the 201 participants who reported that perception of randomization influenced their adherence, the majority (70%) reported that their perception resulted in increased adherence. Participants who guessed they were randomized to placebo were no more likely to report that they missed doses \2 times/week than those who guessed they were randomized to acyclovir [OR 1.19, 95% confidence interval (CI) 0.79-1.80, P = 0.4]. In a multiple logistic regression model of all participants in the post-trial assessment (Table 4) , neither perceived randomization to study drug [OR 1.21, 95% CI 0.80-1.82] nor GUD symptoms during the study [OR 0.94, 95% CI 0.76-1.16] were significantly associated with higher adherence (i.e., reporting missing a dose of study drug \2 times/week at the post-trial assessment).
We also assessed how perceived randomization and GUD symptoms were related to median adherence measured using pill count during the trial. Among participants randomized to the placebo arm, participants who perceived Table 3 Stepwise logistic regression of correlates of randomization perception reported at the post-trial assessment Coding variables: participants randomized to acyclovir arm were coded as 1 and those randomized to the placebo arm were coded as 0; participants who perceived their randomization to be the acyclovir arm were coded as 1 and those who perceived their randomization to be the placebo arm were coded as 0; participants who had GUD symptoms reported during the study were coded as 1 and those without GUD symptoms were coded as 0 b Beta estimate, SE Standard error, OR Odds ratio, CI Confidence interval, GUD Genital ulcer disease a An additional model that included the interaction term between randomization arm and GUD found that the interaction was not statistically significant (P = 0. their randomization to be the acyclovir arm had slightly greater median adherence than those who perceived that they were randomized to the placebo arm [98.8 vs. 97.2%, Mann-Whitney P = 0.03]. In contrast, among participants randomized to the acyclovir arm, there was no significant difference in adherence measured during the trial using monthly pill count of unused study product for those guessing randomization to acyclovir versus placebo arm [98.3 vs. 97.5%, Mann-Whitney P = 0.7]. In addition, there was no significant difference in median adherence during the trial, as measured by pill count, between participants with or without GUD symptoms [98.1 vs. 98.7%, Mann-Whitney P = 0.5]. Participants reported that the most common reasons for missing doses were forgetting (66%), travel (30%), and running out of doses between study visits (12%). Less than 10% of participants reported missing doses because of losing study drug, concern about drug interactions and side effects, or fear of others knowing they were in an HIV prevention study. Approximately two-thirds of participants stated they used strategies to help them remember taking the study drug (78% of African women, 68% of US MSM, and 54% of Peruvian MSM). The most common strategies included utilization of pill boxes (33%) and incorporation of taking the study drug into a daily routine (33%). Overall, behaviors related to study drug adherence across sites were similar. Participants infrequently (\10%) reported throwing away study drug or sharing study drug with a sexual partner or someone else, which could have compromised the validity of monthly pill counts as the primary measure of adherence during the study. Most participants reported that they did not hide their study drug from their partners (91%), including the women from the African sites (92%), the majority of whom were in stable partnerships. One difference observed was that Peruvian participants more frequently reported they missed doses due to alcohol use than US and African participants (36 vs. 8% and 4%, respectively). Peruvian men reported that missing doses due to alcohol use was related to forgetting to take study drug (73%) rather than fear of potential study drug interactions with alcohol (26%).
Discussion
This post-trial assessment of study drug adherence among African women and MSM from Peru and the US who participated in a randomized, placebo-controlled trial of twice daily acyclovir for HIV-1 prevention indicates high self-reported adherence to study drug. Almost 75% reported missing pills less than twice a week, and among the 28% of participants who retrospectively reported missing pills at least twice a week, most reported making up missed doses by taking two pills once daily when they missed a dose, as was instructed by the study protocol. High accuracy of adherence measurements is critical to evaluating efficacy in HIV-1 prevention trials [9] . Poor adherence to use of a study product in an HIV-1 biomedical prevention trial that fails to demonstrate efficacy may make it impossible to differentiate ''method failure'' (in which the intervention, when used as prescribed, does not prevent HIV-1) from ''user failure'' (in which suboptimal adherence undermines the assessment of whether the intervention truly prevents HIV-1 infection).
In this trial of acyclovir suppressive therapy for HIV-1 prevention, a specific concern was the potential for unblinding and decreased adherence if participants perceived the frequency or severity of GUD as an indication of their Table 4 Stepwise logistic regression of correlates of high adherence (missed study drug doses \2 times/week) Outcome = reported missed study drug \2 times/week Coding variables: participants missing study drug\2 times/week were coded as 1 and those missing study drug C2 times/week were coded as 2; participants who were unsure of their randomization arm or who perceived their randomization to be the placebo arm were coded as 1 and those who perceived their randomization to be the acyclovir arm were coded as 0; participants who had GUD symptoms reported during the study were coded as 1 and those without GUD symptoms were coded as 0 b Beta estimate, SE Standard error, OR Odds ratio, CI Confidence interval, GUD Genital ulcer disease a In an additional model, the interaction between perceived randomization and GUD symptoms was not statistically significant (P = 0.08) b Compared to participants randomized to the acyclovir arm randomization arm. Only a minority of participants (onethird) thought they knew their randomization arm. Although perceived randomization to the acyclovir arm was greater in participants who were randomized to the acyclovir arm compared to the placebo arm, this excess represented less than 5% of participants. Moreover, while a small but statistically significant difference in study drug adherence was identified in participants randomized to the placebo arm, participants' perceptions of randomization were associated with unchanged or higher study drug adherence. GUD symptoms reported during the trial minimally influenced participants' perception of their randomization assignment and their adherence to study drug. Thus, the integrity of randomization and the internal validity of the study appeared to be largely maintained in spite of the potential for unmasking of treatment randomization due to less frequent GUD symptoms in the acyclovir arm. Future biomedical prevention trials should evaluate perceptions of randomization, including assessment of potential side effects that might lead to unmasking. Limitations of this study include that one-third of the trial participants did not return for the assessment. Although we found few differences in those who did and did not return, selection bias may have occurred with more motivated participants returning for the post-trial assessment. In addition, since participants were asked at the posttrial study visit about adherence behaviors by site staff, desirability bias could still influence accuracy of their responses if they were reluctant to admit a disparity in their reporting of non-adherence, even after trial completion. We reported a significant but small difference in median adherence during the trial, as measured by monthly pill count of returned study drug, with respect to level of adherence reported in the post-trial assessment. However, with an average of 22 months between trial exit and the post-trial visit, direct comparisons between adherence measurements during the trial, based primarily on pill counts of returned drug, and the post-trial assessment were limited by participants' ability to recall and accurately report average adherence over their 18 month trial participation. Future studies could administer this type of adherence evaluation at the final study visit in order to potentially reduce potential recall bias.
A recent study conducted after the completion of a Tanzanian trial of HSV-2 suppression to prevent HIV-1 acquisition among high-risk women qualitatively assessed how participants' beliefs about study drug may have influenced adherence behavior during the trial [10] . The insight into adherence behavior obtained from this type of assessment, particularly regarding participant misunderstanding about the study drug and placebo, study drug adherence and barriers to adherence introduced by unsupportive partners, travel or familial illness, could complement the type of quantitative data we obtained during and after HPTN 039 to arrive at a more comprehensive understanding of study drug adherence during a biomedical HIV-1 prevention trial.
Conclusion
The findings of this post-trial assessment of adherence to a study drug in a randomized, placebo-controlled trial of a biomedical HIV-1 prevention intervention illustrate the ability to capture additional information about adherence behaviors when participants are less likely to be affected by social desirability bias. Factors, such as alcohol use, which impact study drug adherence and may differ by region and population, should be carefully monitored in order to provide targeted interventions that could help to increase adherence. Biomedical HIV-1 prevention trials should incorporate qualitative and quantitative assessments of study drug adherence and randomization perception during and at the end of trials in order to understand barriers to and motivations for adherence and to develop interventions to increase adherence for future trials.
